Introduction {#S0001}
============

Cases of chronic obstructive pulmonary disease (COPD) are increasing, as is the social impact of this disease. Its morbidity is largely dependent on COPD exacerbation. Therefore, efforts to identify patients at particular risk of exacerbation are more important than ever.[@CIT0001]

Dysphagia is becoming recognized as a risky phenotype. Patients with COPD become complicated with dysphagia in an early stage, and this potentially leads to pneumonia, malnutrition, and COPD exacerbation.[@CIT0002] The simple swallow provocation test (SSPT) has been reported to be able to predict COPD exacerbation; however, this test is not as simple to perform as it sounds for either physicians or patients.[@CIT0003],[@CIT0004] A more convenient method of screening for dysphagia and COPD exacerbation risk is therefore desired.

Among the numerous dysphagia screening tests available, the repetitive saliva swallowing test (RSST) may be one of the least invasive methods. We previously reported the possible relationship between the RSST result and COPD exacerbation in a retrospective study, in which COPD patients with exacerbation in the past year scored lower on the RSST than those without exacerbation.[@CIT0005] However, the cause-and-effect relationship between the RSST and COPD exacerbation was not clear (i.e. the decline in the RSST result may have been the cause of the COPD exacerbation or the result of it). Furthermore, as the RSST was initially developed for functional dysphagia patients (in whom dysphagia is often apparent), the cut-off value of the RSST for COPD exacerbation (where dysphagia is typically unnoticed) was unclear.

Therefore, we performed a prospective study to evaluate the efficacy of the RSST as a predictor of COPD exacerbation and searched for an optimal cut-off value of the RSST for COPD exacerbation.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

This study was part of a prospective study of COPD patients from the Iizuka COPD cohort. Ethical approval was provided by the Iizuka Hospital Ethics Committee as instituted by the Declaration of Helsinki (Number 17,026), and written informed consent was obtained from all patients.

Seventy patients with COPD were recruited from the outpatient clinic of Iizuka Hospital Department of Respiratory Medicine from March 28 to September 22, 2017. COPD was diagnosed according to the GOLD 2017 criteria.[@CIT0006] Patients with bronchial asthma or asthma-COPD overlap were excluded. Patients were also excluded if they had other medical conditions that might cause dysphagia (neurologic diseases, head and neck cancer, achalasia, scleroderma, and esophageal cancer), chronic respiratory failure (interstitial pneumonia, unstable heart failure or pneumoconiosis), or a poor general condition (Eastern Cooperative Oncology Group Performance Status Scale 3--4, active malignancy or dementia).

Information was extracted from medical records regarding demography, the body mass index (BMI), and the lung function determined within three months of inclusion. The history of moderate to severe COPD exacerbation in the past year was assessed from medical records and patient recollection. COPD exacerbation was defined by the presence of new or worsening COPD symptoms (cough, sputum, wheezing, dyspnea, or chest tightness), at least one of which lasted for three days or more. Furthermore, exacerbation was defined as moderate or severe when requiring one of the following: systemic steroid administration, antibiotic therapy, or hospital admission.[@CIT0007],[@CIT0008] Upon inclusion, patients underwent the dysphagia screening tests described below.

Dysphagia Screening Tests {#S0002-S2002}
-------------------------

Dysphagia screening in our clinic is performed using the 10-item Eating Assessment Tool (EAT-10),[@CIT0009],[@CIT0010] Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease (FSSG),[@CIT0011] RSST,[@CIT0012] water swallowing test (WST),[@CIT0013] and SSPT. These screening tests were carried out during the same visit and in a stable state, defined as more than four weeks of a stable respiratory condition without COPD exacerbation.

### EAT-10 {#S0002-S2002-S3001}

This self-administered and easy-scored questionnaire consists of 10 questions concerning the patient's symptoms related to swallowing in order to assess the dysphagia symptom severity. An EAT-10 score of \>3 is abnormal and indicates the presence of swallowing difficulties.

### FSSG {#S0002-S2002-S3002}

This scale was developed to evaluate the severity and therapeutic response of gastroesophageal reflux disease (GERD). It is used routinely in COPD patients to screen for GERD. An FSSG score of ≥8 indicates a high possibility of GERD.

### RSST {#S0002-S2002-S3003}

The RSST is intended to safely screen the patient's ability to swallow repeatedly. Patients are told to swallow as many times as possible in 30 seconds. Two or fewer dry swallows within 30 seconds are considered abnormal.

### WST {#S0002-S2002-S3004}

This test is intended to detect aspiration with high accuracy. Two methods with either 3 mL or 30 mL of water are commonly used in Japan. In our clinic, we use the 30-mL method in order to detect aspiration in COPD patients who are otherwise generally well. Patients are asked to drink a cup containing 30 mL of water in their usual manner. Their drinking pattern and vocal change (wet voice) after drinking are recorded. Drinking patterns are defined as follows: 1, drinks 30 mL in 1 swallow without choking; 2, drinks 30 mL in multiple swallows without choking; 3, drinks 30 mL in one swallow with some choking; 4, drinks 30 mL in multiple swallows with some choking; 5, chokes and has difficulty drinking 30 mL.

### SSPT {#S0002-S2002-S3005}

This is considered a standard screening method for dysphagia. It can be used to screen for silent aspiration too. A thin tube is inserted through the nose into the oropharynx area, and small volumes of water (0.4 and 2.0 mL) are injected. The time from injection to the initiation of the swallowing reflex is measured, and ≥3 seconds is considered abnormal.[@CIT0003],[@CIT0004]

The patients were given a diary to record their daily symptoms and medications taken. They were followed up for one year. After one year, the patients were classified into two groups according to the presence of COPD exacerbation during the follow-up period (exacerbation group, E group; and non-exacerbation group, Non-E group). Patients background characteristics and the results of the dysphagia screening tests were then compared between the groups.

Statistical Analyses {#S0002-S2003}
--------------------

Descriptive statistics for baseline data were presented as the percentage, mean, and standard deviation. Differences between the two groups were examined using Mann-Whitney's *U*-test and Fischer's exact test. A p-value of \<0.05 was considered to indicate a statistically significant difference. When there was a statistically significant difference between the two groups in any of the dysphagia screening results, a receiver operating characteristic (ROC) curve analysis was performed in order to evaluate its utility in the differentiation of the two groups. A Log-rank analysis and univariate Cox regression analysis were performed to identify the best predictors of COPD exacerbation. All data analyses were carried out using the JMP Pro software program (ver. 14; SAS Institute, Cary, NC, USA).

Results {#S0003}
=======

Patients' background data are shown in [Table 1](#T0001){ref-type="table"}. There were 59 males (84.3%) and 11 females (15.7%). The mean age was 72.8±7.5 years old, and the mean BMI was 21.7±3.9 kg/m^2^. Severities of air-flow obstruction based on GOLD staging in our patients were as follows: I, 15 (21.4%); II, 25 (35.7%); III, 21 (30.0%); and IV, 9 (12.9%). Twenty-seven (38.6%) had experienced one or more moderate to severe exacerbations in the past year, and 43 (61.4%) had experienced none. During the 1-year follow-up period, 28 patients (40.0%) had experienced one or more exacerbations (E group), and 42 (60%) had experienced no exacerbations (Non-E group). There were no significant differences in the patient background characteristics between the two groups except for in the presence of past exacerbations. Patients in the E group were significantly more likely to have experienced one or more episodes of exacerbations in the previous year than those in the Non-E group.Table 1Patient CharacteristicsTotal N = 70E Group N = 28Non-E Group N = 42p valueAge (years old)72.8 ± 7.573.9 ± 8.072.1 ± 7.20.34Male/Female59/1122/637/50.33BMI (kg/m^2^)21.7 ± 3.920.8 ± 4.422.3 ± 3.40.11GOLD Stage I15 (21.4)4 (14.3)11 (26.2)0.24 II25 (35.7)7 (25.0)18 (42.9) III21 (30.0)11 (39.3)10 (23.8) IV9 (12.9)6 (21.4)3 (7.1)History of exacerbations in the past year27 (38.6)16 (57.1)11 (26.2)0.01[^1][^2]

Dysphagia screening results are shown in [Table 2](#T0002){ref-type="table"}. There was no significant difference between the two groups in the results of the EAT-10, FSSG, WST, and SSPT. Statistically significant differences between the groups were observed in the results of RSST when the cut-off value was set at 2, 3, 4, or 5 swallows per 30 seconds (p \< 0.01). The difference between the groups in the results of the RSST was not statistically significant at cut-off values of 1 or ≥6. The number of swallows per 30 seconds in the RSST was significantly lower in the E group than in the Non-E group (3.3±1.4 vs. 5.0±1.6 times, p \< 0.01).Table 2The Comparison of the Dysphagia Screening Results Between the Two GroupsTestCriteriaE Group N = 28Non-E Group N = 42p valueEAT-10≥ 318 (64.3)19 (45.2)0.15FSSG≥ 810 (35.7)11 (26.2)0.43RSSTA) ≤ 1 time/30 seconds3 (10.7)0 (0)0.06B) ≤ 2 times/30 seconds9 (32.1)3 (7.1)\<0.01C) ≤ 3 times/30 seconds15 (53.6)8 (19.1)\<0.01D) ≤ 4 times/30 seconds21 (75.0)16 (38.1)\<0.01E) ≤ 5 times/30 seconds27 (96.4)24 (57.1)\<0.01F) ≤ 6 times/30 seconds28 (100.0)37 (88.1)0.08G) ≤ 7 times/30 seconds28 (100.0)41 (97.6)1.0H) ≤ 8 times/30 seconds28 (100.0)41 (97.6)1.0WSTA) Vocal change13 (46.4)13 (31.0)0.22B) Pattern\* 2--522 (78.6))29 (69.1)0.42SSPTA) Using 0.4 mL of water4 (14.3)7 (16.7)1.0B) Using 2.0 mL of water4 (14.3)3 (7.1)0.43[^3][^4]

[Figure 1](#F0001){ref-type="fig"} shows the ROC curve analysis using the swallowing frequency in the RSST to differentiate the two groups. With an RSST swallowing frequency of ≤5 times considered abnormal, the sensitivity and specificity were 42.9% and 96.4%, respectively, and the area under the ROC curve was 0.775 (95% confidence interval \[CI\], 0.670--0.881). The correlation coefficient of the number of swallows in the RSST and the number of exacerbations during follow-up was negative (−0.465). In other words, the fewer the number of swallows in the RSST, the greater the risk of exacerbation during the follow-up.Figure 1Results of an ROC curve analysis using the swallow frequency in RSST. When the RSST cut-off value was set at 5.0, the sensitivity and specificity were 0.429 and 0.964, respectively, and the area under the ROC curve was 0.775.

In [Figure 2](#F0002){ref-type="fig"}, Kaplan-Meier curves with the log rank test and univariate Cox regression analysis were used to compare the time to first COPD exacerbation of all severities. The time to first exacerbation was significantly longer in patients with a history of exacerbation in the past year than in those with no such history (median not applicable (NA) vs. 301 days, p = 0.007) and in those with an RSST value of \>5 than in those with lower values (median NA vs. 350 days, p = 0.001). The RSST was thought to be more reliable for differentiating the E group and non-E group than the presence of exacerbation in the past year (hazard ratio: 13.78 and 2.70, respectively). Furthermore, this difference was more pronounced when the time to first moderate or severe exacerbation was set as an event ([Figure 3](#F0003){ref-type="fig"}).Figure 2Kaplan-Meier curves of the time to first exacerbation (any severity) (**A**) stratified by the presence of exacerbation in the past year and (**B**) stratified by the RSST cut-off value of 5. The time to first exacerbation was significantly longer in patients with a history of exacerbation in the past year than in those with no such history (**A**) and in those with an RSST value of \>5 (**B**). The RSST was a stronger predictor of exacerbation than a history of exacerbation.Figure 3Kaplan-Meier curves of the time to first moderate or severe exacerbation (**A**) stratified by the presence of exacerbation in the past year and (**B**) stratified by the RSST cut-off value of 5. The time to first moderate or severe exacerbation was significantly longer in patients with a history of exacerbation in the past year than in those with no such history (**A**) and in those with an RSST value of \>5 (**B**). The RSST was a stronger predictor of exacerbation than a history of exacerbation. This difference was more pronounced when the time to first moderate or severe exacerbation was set as an event.

[Table 3](#T0003){ref-type="table"} shows the relationship between the history of exacerbations in the past year and the results of the RSST using a cut-off value of 5. There was a statistically significant relationship between both parameters (p = 0.005, Fischer's exact test).Table 3The Relationship Between a History of Exacerbation in the Past Year and the Results of the RSST Using a Cut-Off Value of 5History of Exacerbation in the Past YearYesNoRSST\> 5217≤ 52526[^5]

No significant relationship was detected between the %FEV1 and the number of swallows in the RSST. The Spearman's rank correalation coefficient was 0.149 (p = 0.218; [Figure 4](#F0004){ref-type="fig"}).Figure 4Correlation between the %FEV1 and the number of swallows in the RSST. No significant relationship was detected between the %FEV1 and the number of swallows in the RSST.

Discussion {#S0004}
==========

We conducted a prospective study of COPD patients in order to determine the optimal cut-off value of the RSST to identify the phenotype at a particular risk of exacerbation. Our results showed that patients who had fewer swallows in the RSST had a higher risk of exacerbation in the following year. An RSST cut-off value of "5 times or less" may therefore be optimal to screen for patients at risk of exacerbation.

The RSST was developed to safely and simply screen patients for functional dysphagia. In their original report, Oguchi et al suggested that when the RSST value is less than 3 times per 30 seconds, further investigation for functional dysphagia should be planned.[@CIT0014] Its validity was established through a study of 131 patients with functional dysphagia (with causes of cerebrovascular disorder in 94 patients, brain tumor in 6, brain injury in 6, other neurological diseases in 13, pneumonia in 8, and other reason in 4).[@CIT0012] In that study, an RSST value \<3 was significantly related to aspiration on videofluorography, and the sensitivity and specificity were 0.98 and 0.66, respectively. The high sensitivity of the RSST proves its effectiveness as a screening method for dysphagia.

Over the years, several studies have used other cut-off values than those reported initially. For example, in a study of elderly patients with acute pneumonia, RSST ≥ 1 was regarded as useful for predicting an oral intake at discharge.[@CIT0015] In a prospective observational study regarding the switch from intravenous to oral antimicrobials in aspiration pneumonia patients, one of the criteria was RSST ≥ 2.[@CIT0016] In an analysis of the feeding function and jaw stability in bedridden elderly patients, an RSST ≤ 3 was considered abnormal.[@CIT0017] However, the optimal cut-off value of the RSST has not been investigated further since its original report.

We hypothesized that the RSST would be a useful tool to screen for dysphagia in patients with COPD if the cut-off level were set higher than that of functional dysphagia. This is because patients with COPD often have subclinical dysphagia, which is challenging to detect with measures validated for cases of more apparent dysphagia, such as patients with acute stroke. As we reported in our previous retrospective study, the results of the RSST were significantly lower in patients with exacerbations in the previous year than in those with no such history. In this prospective study, we were able to show that patients with a low RSST value were at a significantly increased risk of exacerbation in the next year. In addition, the optimal cut-off value of the RSST in this situation was found to be 5.

Our results differed from those of previous reports, which state that the SSPT results are correlated with the history of COPD exacerbation.[@CIT0003],[@CIT0004] We suspect that dysphagia in patients with COPD is more pronounced in repetitive efforts, as evaluated with the RSST, than with a one-time-only reflection test, such as the SSPT, due to the characteristic changes in the coordination of deglutition and respiration.[@CIT0018] The altered respiratory pattern due to COPD reportedly contributes to the increase in the incidence of inspiration occurring immediately before or after swallowing, as opposed to the more common pattern, in which expiration occurs before and after swallowing in healthy individuals. The lack of coordination between respiration and swallowing is said to put patients with COPD at risk of aspiration.[@CIT0018] This unique pathophysiology of dysphagia may be the reason why dysphagia in COPD patients is more pronounced with repetitive effort, such as with the RSST, which requires frequent breath-holding, than with a one-time-only reflection test, such as the SSPT. Interestingly, Ohta et al reported that the RSST may be more sensitive for detecting dysphagia in mild COPD patients than SSPT.[@CIT0019] However, they did not describe the relationship between the RSST results and COPD exacerbation.

Patients with COPD have many factors that cause dysphagia,[@CIT0002] including patient background factors, such as a smoking history and older age; respiratory issues, such as altered respiratory patterns and a lack of respiration-swallowing coordination; and systemic complications of COPD, such as GERD, sarcopenia, frailty, and sleep apnea syndrome. These multifactorial causes of dysphagia make dysphagia due to COPD unique. Therefore, when screening for dysphagia in patients with COPD, a method that is capable of screening for multiple aspects of the swallowing function is necessary. We suspect that this is why screening tests such as the EAT-10, SSPT, and WST, which concentrate on a specific aspect of swallowing, are not aprticualrly useful in this population. The RSST, which requires sufficient respiration-swallowing coordination to enable repeated swallowing, adequate musculature, cognition, and general well-being, is an effective method of screening for the swallowing function as a whole.

The ECLIPSE study found that there are phenotypes prone to exacerbation, regardless of COPD severity.[@CIT0001] The presence of COPD exacerbation in the previous year is known to be the strongest predictor of exacerbation in the following year.[@CIT0001] This tendency was also found to be true in the present study; however, it was not the strongest predictor. This may be because many exacerbations are unreported, unrealized, or unrecorded, especially among Japanese COPD patients.[@CIT0020] Relying solely on a history of exacerbation does not allow for an accurate assessment. An objective predictor is necessary in order to assess the risk of exacerbation effectively. The present findings indicate that RSST can be a valid objective predictor for those at risk of future exacerbation. It was also a stronger predictor than the presence of exacerbation in the previous year. The feasibility of the RSST also makes it an excellent screening tool for all settings, including outpatient clinics, primary care settings, and even home care or nursing facilities.

McKinstry et al demonstrated the ability to improve dysphagia in patients with COPD through patient education and adequate rehabilitation.[@CIT0021] However, whether or not a particular training improves the risk of COPD exacerbation and the prognosis in COPD patients remains unclear. Oral care is also an essential intervention for patients at risk of dysphagia. Dysphagia screening may be a key method for identifying the phenotype at risk for exacerbation, which is also modifiable.

Several limitations associated with the present study warrant mention. First, this study was a relatively small, single-center cohort. Second, the history of exacerbation was obtained through medical records and patient recollection. Only moderate to severe exacerbation was counted as past exacerbation in order to minimize the effect of a spotty memory. There is a qualitative aspect to the assessment of vocal change in the WST, so its results might have differed according to the physician performing the test. However, all physicians underwent a practice protocol to standardize their judgments, and test results were judged by multiple physicians whenever possible. Finally, the time-to-event analysis was carried out in a univariate analysis. Future studies with multivariate analyses and including all past exacerbations are awaited.

To our knowledge, this is the first study to investigate the optimal cut-off value of the RSST in patients with COPD in relation to the risk of future exacerbation. Further efforts to determine ideal intervention for those at risk are awaited.

Conclusion {#S0005}
==========

An RSST cut-off value of 5 may be a strong predictor of COPD exacerbation.
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[^1]: **Note:** Data in parentheses are percentages.

[^2]: **Abbreviations:** E group, exacerbation group; Non-E group, non-exacerbation group.

[^3]: **Notes:** \*Drinking patterns are defined as follows: 1, drinks 30 mL in 1 swallow without choking; 2, drinks 30 mL in multiple swallows without choking; 3, drinks 30 mL in one swallow with some choking; 4, drinks 30 mL in multiple swallows with some choking; 5, chokes and has difficulty drinking 30 mL. Data in parentheses are percentages.

[^4]: **Abbreviations:** E group, exacerbation group; Non-E group, non-exacerbation group; FSSG, frequency scale for the symptoms of gastroesophageal reflux disease; RSST, repetitive saliva swallowing test; WST, water swallowing test; SSPT, simple swallowing provocation test.

[^5]: **Abbreviations:** RSST, Repetitive Saliva Swallowing Test.
